Construction projects are becoming plagued more than ever by conflicts, claims, and disputes. To this end, performance measurement has become a commonly used tool for evaluating processes, managing human resources, and formulating corrective strategies. One of the most important aspects of performance measurement is the ability to perform benchmarking. Using case studies of projects carried out by the U.S Army Corps of Engineers (USACE) in its Vicksburg District, this paper investigates how benchmarking can be potentially used to evaluate and measure performance of the associated contractors. The utilized methodology encompassed three interdependent steps where the authors: (1) collected project data for 40 contractors who performed work for USACE using internal file reviews; (2) defined the associated performance measures; (3) and analyzed the results to identify areas in which contractors needed to improve in order to increase efficiency. The authors identified five performance measures including quality control, timely performance, effectiveness of management, compliance with labor standards, and compliance with safety standards. These measures were applied on a five-point rating system and categorized using three characteristic groups including use of subcontractors, contract modifications, and final contract price. This research provides an opportunity to promote changes within the Vicksburg District based on knowing strengths and weaknesses.
INTRODUCTION
The construction industry significantly contributes to the development of the United States. It contributes 1.3 trillion dollars to the U.S. Economy and provides 7.1 million jobs, making it the most productive sector (El-adaway 2010) . In addition, Cheeks (2004) states that the industry represents approximately 13% of the Gross Domestic Product. This industry's success is largely dependent on overcoming many difficult challenges. To this end, construction claims are one of the most significant challenges facing today's construction industry.
Realizing the challenges and threats of construction claims, the associated stakeholders are constantly seeking ways to mitigate their effect. For this reason, performance measurement has become a commonly used tool to provide for customer needs. Performance measurement was defined by Yu et al. (2007) as a business tool for evaluating management performance, managing human resources, and formulating corporate strategy. Having the capability to evaluate and assess information allows for construction firms to effectively detect problems, disputes, and errors within their operations. Once detected, firms can make the necessary adjustments in their processes or operations for improvement. One of the most important aspects of performance measurement is the ability to perform benchmarking. El-Mashaleh et al. (2007) states that benchmarking aims at comparing the performance of firms relative to each other, allowing these firms to recognize their weaknesses and strengths compared to the industry. By being able to promote changes based on knowing strengths and weaknesses, companies can significantly improve performance and minimize problems
GOAL AND OBJECTIVES
Using case studies of projects carried out by the U.S Army Corps of Engineers (USACE) in its Vicksburg District, this paper investigates how benchmarking can be used to evaluate and measure performance of the associated contractors, and thus mitigate conflicts, claims, and disputes.
BACKGROUND INFORMATION
Benchmarking has been defined as a systematic approach of measuring one's performance against that of recognized leaders with the purpose of determining best practices for continuous improvement (Liao et al. 2011) . Thus, benchmarking can be regarded as an external focus on internal activities, functions, or operations in order to achieve continuous improvement. Camp (1989) defined benchmarking as the continuous process of measuring products, services, and practices against the toughest competitors or those companies recognized as industry leaders. Costa et al. (2006) defined benchmarking as comparing and measuring an organization's performance against that of other similar organizations in key business activities. In a study of rework mitigation, Love and Smith (2003) described benchmarking as a widespread application for identifying ways to improve organizational and project performance. Hamiliton and Gibson (1996) defined benchmarking as a process for targeting key performance areas and identifying and studying best practices for continuous improvement and continued advantage. Ramirez et al. (2004) described benchmarking as an important continuous improvement tool that enables companies to enhance their performance by identifying, adapting, and implementing the best practice identified in participating group of companies. Jackson et al. (1994) illustrated benchmarking as a modern productivity improvement tool.
Benchmarking requires defining measures and metrics to analyze performance. Kang et al. (2008) used cost and schedule metrics to measure project and company performance. Brunso and Siddiqu (2003) established metrics to measure improvements made in the delivery of environmental construction projects comprising: project cost growth, design cost growth, construction cost growth, design phase factor, total schedule growth, design schedule growth, and construction schedule growth. Also, Ramirez et al. (2004) highlighted performance areas in a benchmarking study for evaluating management practices in the construction industry including cost, due date, scope of project, safety, labor, construction, subcontracts, quality, procurement, and planning. Park et al. (2005) summarized performance measures into seven categories, including: concrete, structural steel, electrical, piping, instrumentation, equipment, and insulation. Also, Horta et al. (2010) established indicators for organizational performance and operations performance. Organizational performance indicators included: productivity, profitability, hanging invoice, accident frequency rate, and sales growth. Operations performance indicators included: contractor satisfaction with costumers cooperation, contractor satisfaction level with customer involvement, contractor satisfaction with cooperative work, and cost predictability. Other benchmarking studies with more or less similar results were conducted by the Construction Industry Institute (CII) in the United States as well as similar organizations in Hong Kong, United Kingdom, Brazil, and Chile.
Various research studies have indicated that benchmarking can generate beneficial results to the construction industry. Camp (1989) highlighted five important benefits to benchmarking which include: more adequately meeting end user customer requirements; establishing goals based on a concerted view of conditions; determining true measures of productivity; attaining a competitive position; and becoming aware of and searching for industry best practices. Costa et al. (2006) highlighted that the greatest benefits of benchmarking is that it allows more efficient work and it involves managers proactively in the process. Benchmarking can also generate innovation in receptive environments. Horta et al. (2010) concluded that benchmarking is a useful tool to measure performance for construction industry companies and provide management targets for improvement.
Studies have indicated though some limitations with measuring performance. For example, it has been revealed the difficulty in applying performance measurement systems to highway maintenance operations (Bassioni et al. 2004) . Molden and Gates (1990) expressed the need for designs of performance measures that relate design and management decisions to achieve measurable objectives. A. Nitithamyong and Skibniewski (2006) identified gaps with performance measurement of project management systems. In addition, it was accepted the gaps that exist in performance measurement in knowledge and practice both in general and the construction industry (Menches and Hanna 2006) . Ozorhon et al. (2011) revealed that no consensus on measurement of performance of international joint ventures has emerged and the validity of underlying measures is still questionable. Grau et al. (2012) highlighted that on-site design on project performance is not yet understood.
METHODOLOGY
In order to mitigate these reasons, this study focused on improving performance through benchmarking. The utilized methodology encompassed three interdependent steps where the authors: (1) collected project data for 40 contractors who performed work for the U.S. Army Corps of Engineers in its Vicksburg District using internal file reviews including submittals, RFIs, claims, progress reports, and internal evaluation forms by the associated senior project managers; (2) defined the associated performance measures; (3) and analyzed the results to identify areas in which contractors needed to improve in order to increase efficiency. Further insights to research methodology are given below.
The authors identified five performance measures including quality control, timely performance, effectiveness of management, compliance with labor standards, and compliance with safety standards. Each measure was further defined by subcriteria as shown in Table 1 .
Table 1: Defining Performance Measures
Further, an evaluation was conducted to rate the measures of each contractor. This evaluation consisted of a 5-point performance rating scale. The contractors were rated as follows: outstanding, above average, satisfactory, marginal, and unsatisfactory. These ratings were derived by performing an internal file review and assigning a rating based on the criteria as shown in Table 2 . Once the evaluations were conducted, results were categorized into three project groups based on known characteristics which include: utilizing subcontractors, contract modification, and final contract price. From these categorizations, the research evaluated and identified areas in which contractors needed to improve in order to increase efficiency. 
RESULTS ORIENTED ANALYSIS
The benchmarking model was developed from construction contractors who performed work for the Army Corps of Engineers, Vicksburg District. The data was collected through an internal file review of performance evaluations of 40 random contractors. Table 3 shows the total number of contractors in each rating category based on the measures defined earlier in Table 1 . As mentioned earlier, the data was categorized into groups based on known characteristics of each project. These groups are indicated in the sections that follow. Table 4 presents the number of contractors in each category that utilized no subcontractors. From the table, it was noted that quality control, timely performance, management, labor, and safety had (3) three to four contractors who performed outstanding. Also, it was observed that there were a high number of contractors who performed satisfactory compared to those that were above average or outstanding in each measure. Table 5 shows the number of contractors in each category who utilized subcontractors to perform up to 10% of the work. It was noted that all ten contractors scored either above average or outstanding in the labor compliance category. In addition, it was observed that nine of the ten contractors scored either above average or outstanding in the safety compliance category. Table 6 demonstrates the number of contractors in each category who utilized subcontractors to perform over 10% of the work. It was noted that one contractor scored marginal in the safety compliance category. In addition, it was observed that nine contractors scored satisfactory in quality control and management. Table 7 shows the projects in each category with contract modifications less than $25,000. It was noted that five contractors scored outstanding in the labor compliance category. In addition, it was observed that six contractors scored above average in quality control, management, and safety. It was also recognized that a high number of contractors scored satisfactory in quality control and timely performance. Table 8 shows the projects in each category with contract modifications between $25,001 and $500,000. It was noted that one contractor scored marginal in the safety compliance category. In addition, it was observed that nine contractors scored satisfactory in quality control and eight scored satisfactory in management. Table 9 shows the projects in each category with contract modifications over $500,000. It was noted that one contractor scored outstanding in quality control, timely performance, management, and safety. In addition, it was observed that five contractors scored satisfactory in quality control, timely performance, and safety. Table 10 shows the number of contractors in each category who were paid a net amount up to $1,000,000. It was noted that five contractors scored above average timely performance, management, labor, and safety. It was also observed that seven contractors scored satisfactory in quality control. Table 11 shows the number of contractors in each category who were paid a net amount between $1,000,001 and $5,000,000. It was noted that one contractor scored marginal in the safety category. In addition, it was observed that eleven contractors scored satisfactory in quality control and timely performance. It was also recognized that a high number of contractors scored above average in quality control, timely performance, management, labor, and safety. Table 12 shows the number of contractors in each category who were paid a net amount above $5,000,000. It was noted that four contractors scored satisfactory in quality control, timely performance, labor, and safety. It was also observed that no contractor scored outstanding in labor. Further, in order to practically test the effectiveness of the benchmarking process, it was also obvious that the contractors who had higher performance measures in terms of quality control, timely performance, effectiveness of management, compliance with labor standards, and compliance with safety standards did actually have less claims than those with lower ratings. The positive tie between performance ratings and associated construction claims is a very much important remark that should trigger the associated construction stakeholders towards more formal use of the benchmarking processes to reduce conflicts, claims, and disputes.
CONCLUSIONS
Conflicts, claims, and disputes are major challenges facing today's construction industry. Available research identified four main reasons for claims occurrence which include: safety issues, design errors, delay, and changes.
This research demonstrated constructing a benchmarking model which includes: collecting data among contractors, identifying areas to be benchmarked, and performing an analysis of the data. The benchmarking model was developed by using data collected from performance evaluations of a core sample of 40 contractors who worked for the U.S. Army Corps of Engineers in its Vicksburg District. This study identified elements used to measure the performance of these contractors. As demonstrated in the study, the use of benchmarking helps identify areas contractors need to improve in order to become more efficient compared to others in that field. The study concluded that such an evaluation has the potential to produce results that a contractor can use to overcome deficits in these key areas. Also, this research showed that contractors who had higher performance measures did actually have less claims than those with lower ratings. The positive tie between performance ratings and associated construction claims is a very much important remark that should trigger the associated construction stakeholders towards more formal use of the benchmarking processes to reduce conflicts, claims, and disputes. Though this study did not include a large volume of statistical data, the sample collected was sufficient to demonstrate the method of benchmarking. However, a larger data sample will produce more definite results.
